Entamoeba histolytica is an enteric protozoan parasite of macrophages in vitro with amebic proteins down-regulated TNF-a production and Ia molecule expression [7, 8] . ALAhumans and the causative agent of invasive amebiasis. In vitro and in vivo studies indicate that macrophages are potent efderived macrophages produced elevated levels of prostaglandin E 2 (PGE 2 ) [9] , which was responsible in part for inhibiting fector cells for killing E. histolytica trophozoites. Macrophages activated with interferon (IFN)-g, IFN-g and tumor necrosis TNF-a production and Ia molecule expression [7, 8] . It is also possible that macrophage down-regulating cytokines such as factor (TNF)-a, or IFN-g and lipopolysaccharide (LPS) demonstrated potent contact-dependent amebicidal activity [1, 2] IL-4, IL-10, and transforming growth factor-b are released and play modulatory roles in amebic infections. attributed to nitric oxide (NO) production [3] . Recently, we demonstrated that TNF-a, produced by activated macrophages, Amebic infections also modulate T cell responses. T cells acts in an autocrine fashion to elevate NO release and amebicifrom infected patients have reduced concanavalin A (ConA) dal activity by enhancing transcription of the inducible NO and antigen-induced proliferative responses in vitro [10, 11] . synthase gene [4] . However, macrophages isolated from ame-
The potential contribution of T cell -derived cytokines to resisbic liver abscess (ALA) are functionally deficient, and the host tance to reinfection with amebae and to the suppression associis unable to control the infection. ALA-derived macrophages ated with uncontrolled invasive amebiasis remains to be eluciwere unresponsive to IFN-g and LPS activating signals for dated. Cytokine responses to infectious agents tend to segregate production of TNF-a and NO and cytotoxicity against amebae into distinct patterns. Th1 responses are characterized by IL- [5] and were deficient in their ability to develop a respiratory 2, IFN-g, and TNF-a and -b production, Th2 responses are burst and secrete interleukin (IL)-1 [6] . Pretreatment of naive marked by production of IL-4, -5, -6, -9, and -10, and Th0 responses are characterized by a mixed cytokine release profile [12] . Protozoan infections tend to be susceptible to Th1 responses, while helminth infections are usually controlled by Th2 responses. Activation of the inappropriate response can [13, 14] . As macrophages are potent cells for amebicidal activ-1996 (abstract 2.12). The animal experimental guidelines of the Canadian Council on Animal Care ity, it is probable that a Th1 cytokine response is central in were followed in all experiments utilizing gerbils (Meriones unguiculatus).
controlling invasive amebiasis, whereas production of macro- Cells were incubated with no stimulus, 50 mg/mL SAA, or 5 mg/ our laboratory in TYI-S-33 medium. Culture conditions and harmL ConA, and supernatants were collected at 48 h for all cytokines vesting of trophozoites for preparation of soluble proteins were as measured. To eliminate residual ConA, 15 mg/mL a-methylmanpreviously described [16] . The amebae were subpassaged through noside (Sigma) was added to ConA-containing supernatants. Sugerbil livers prior to initiation of experiments to ensure high rates pernatants were stored at 0120ЊC until cytokine quantification. of infectivity (ú90%).
IL-2 levels were measured by quantification of the proliferation To prepare SAA, the amebae were harvested and washed prior of murine CTLL cells in response to gerbil cell supernatants [18] . to resuspension in cold PBS. Amebae were lysed by three cycles This assay has been reported previously for quantification of gerbil of freeze-thaw (0120ЊC, 37ЊC). The lysed suspension was centri-IL-2 [19] . 5 amebic trophozoites in mid-log to construct a standard curve. In this assay, 1 U of gerbil IL-2 is growth phase (72 h) as described previously [16] . For intrahepatic equal to 1 U of rmIL-2. CTLL cell proliferation in response to ILchallenge of previously infected gerbils, animals with 20-day-old 2 was quantified using an MTT colorimetric assay [21]; 10 mL of ALA were treated with 200 mg/kg metronidazole (Rhone-Poulenc, an MTT-PBS solution (5 mg/mL) was added to each well after 24 Montreal) by oral gavage for 6 consecutive days to terminate the h of incubation, and plates were incubated a further 4 h. The infection. Ten days after the last dose, gerbils were again lapacells were then solubilized with 0.04 N HCl, and absorbance was rotomized and reinfected intrahepatically with 5 1 10 5 amebic measured by use of dual wave lengths of 570 and 630 nm. All trophozoites in the median liver lobe. One group of gerbils was gerbil IL-2 activity in supernatants was completely neutralized not challenged after the drug cure. The nonchallenged drug-cured with a polyclonal rabbit anti-gerbil rIL-2 antibody (provided by gerbils were examined at the same time as the drug-cured group, T. R. Klei, Louisiana State University, Baton Rouge), demonstrat-10 days after challenge. All gerbils were confirmed to have ALA by ing specificity for IL-2. gentle palpitation of the abdominal cavity prior to metronidazole IL-4 levels were determined by measuring proliferation of mutreatment. ALA was further confirmed because remains of the rine CT.4S cells in response to gerbil cell supernatants. The assay original abscesses were evident at autopsy for all gerbils.
used was identical to that used for IL-2 quantification except that In vitro lymphocyte proliferation assay. Proliferative re-CT.4S cells were used as the responding cells [22] and rmIL-4 sponses of spleen and hepatic lymph node (HLN) cells were deterfrom cultures of X63Ag8-653 myeloma cells transformed with mined by use of standard methods. Single-cell suspensions in PBS murine IL-4 cDNA [20] was used to construct a standard curve. were prepared for both spleens and HLNs of 5 gerbils/time point In this assay, 1 U of gerbil IL-4 is equal to 1 U of rmIL-4. The (pooled within the same group). Cell suspensions were generated polyclonal rabbit anti-gerbil rIL-2 antibody was added to the gerbil by teasing apart spleens or lymph nodes with needles, followed cell supernatants to ensure that the cells were proliferating in reby passing disrupted organs through a wire mesh. Erythrocytes sponse to IL-4 only. This is the first report of gerbil IL-4 quantifiwere lysed by osmotic shock (NH 4 Cl, 0.17 M; Sigma, St. Louis), cation. We were able to completely neutralize gerbil IL-4 activity and cells were resuspended at 5 1 10 6 /mL in complete RPMI 1640 by use of the rat anti-mouse IL-4 monoclonal antibody 11B11, supplemented with 10% heat-inactivated fetal calf serum (Hyclone demonstrating specificity for IL-4 in this assay. Laboratories, Logan, UT), 24 mM HEPES, 100 U/mL penicillin, TNF levels were determined by measuring the cytotoxic effects 100 mg/mL streptomycin sulfate, and 50 mM 2-mercaptoethanol of cytokine in gerbil cell supernatants on TNF-sensitive murine (Sigma). [ 3 H]thymidine (specific activity, 6.7 mCi/mmol; ICN, L929 fibroblasts as previously described [7] . In brief, L929 cells Montreal) incorporation was used to quantify cell proliferation as (4 1 10 4 in 100 mL) were plated with serially diluted supernatants follows: Cells were plated at 5 1 10 5 /well in a total volume of in 96-well culture plates at 37ЊC with 5% CO 2 in the presence of 200 mL in flat-bottomed 96-well culture plates (Falcon; Becton actinomycin D (8 mg/mL; Sigma). After 18 h of incubation, the Dickinson, Lincoln Park, NJ) and incubated at 37ЊC with 5% CO 2 . cells were fixed with 2.5% glutaraldehyde (Sigma) and stained Cells (5 wells/condition) were incubated with no stimulus, 50 mg/ with 0.1% methylene blue (Sigma). The dye was extracted with mL SAA, or 2.5 mg/mL ConA (Pharmacia, Uppsala, Sweden) for 0.1 N HCl, and absorbance was measured at 600 nm. Recombinant 48 h. [ than those of spleen cells. SAA-induced (i.e., antigen specific) proliferation (figure 1) was demonstrated by spleen and HLN cells beginning at the earliest time point examined (5 days). Interestingly, infected gerbils' spleen cell responses to ConA were lower than those of controls throughout the infection. While HLN cell responses to SAA were relatively constant during days 5 -60, spleen cell proliferative responses to SAA were noticeably reduced at day 20, recovering during days 30 -60 to levels seen at days 5 -10. Both spleen and HLN cells showed reduced mitogenesis in response to ConA at day 20. Suppressed proliferative responses at the acute phase of infection were not restricted to T cells, as B cells were also suppressed in their proliferative responses to LPS at day 20 and recovered thereafter (data not shown).
Kinetics of IL-2 and IL-4 production during ALA development. Cytokine production from patients with ALA or from animal models of the disease has not been previously reported. We examined the kinetics of IL-2 (a Th1 marker) and IL-4 (a Th2 marker) production from spleen and HLN cells of gerbils with ALA as an indication of the T cell response phenotype (Th1, Th2, or Th0) during amebiasis.
Early in the infection (days 5 and 10), spleen and HLN cells from infected gerbils secreted a mixture of IL-2 and IL-4 (Th0 response) (figure 2). Significant levels of both cytokines were produced at this stage, although IL-2 levels were low. A comparable cytokine release pattern was seen in response to ConA and Kinetics of TNF-a production during ALA development. cell responses to mitogen during amebiasis [10, 11] . However, it is difficult to determine exactly when humans were infected Macrophages are major producers of TNF-a during E. histolytica infections, and macrophage TNF-a production is modulated and, hence, the stage of the disease. For this reason, we examined the kinetics of gerbil spleen and HLN T cell proliferative by the parasite in vitro and in vivo [7, 24, 25] . However, T cell production of TNF-a and -b during ALA development responses during early (days 5 -10 after inoculation), acute (day 20 after inoculation), and late disease (days 30 -60 after has not been investigated. For this reason, we measured TNF activity in the supernatants of lymphoid cells from infected inoculation). Acute disease was denoted by maximal liverabscess size. As shown in figure 1, proliferative responses of gerbils. In this assay, all gerbil TNF activity was neutralized by a polyclonal anti-mouse rTNF-a antibody that does not HLN (draining lymph nodes for the liver) cells were stronger / 9d27$$my40 03-13-97 11:55:26 jinfa UC: J Infect react with mouse TNF-b, suggesting that the gerbil TNF activin the median liver lobe. This was done to determine whether the animals were resistant to reinfection and to investigate ity may be largely ascribed to TNF-a rather than TNF-b.
TNF-a production was lowest at day 5 of infection, whereas their lymphoproliferative responses and cytokine production patterns. All challenged gerbils were resistant to reinfection. significant but low levels of TNF-a were produced by spleen ( figure 3, top) 
and HLN cells (figure 3, bottom) in response to
Spleen and HLN cell proliferative responses in drug-cured and challenged gerbils. The mitogenic responses of spleen the T cell mitogen ConA and to SAA during days 10 -30 after inoculation. Similar to IL-2 production by spleen cells in and HLN cells from drug-cured and challenged gerbils are summarized in figure 4 . Proliferative responses to both ConA response to ConA, TNF-a production decreased at the onset of infection. The highest TNF-a levels were produced by HLN and SAA were equivalent in the nonchallenged and challenged groups. A challenge infection with E. histolytica trophozoites cells in response to ConA (4.0 U/mL) at day 60 ( figure 3,  bottom) .
did not suppress proliferative responses. Levels of [ 3 H]thymidine incorporation were comparable to or higher than those Drug cure and challenge infections. Studies using amebic antigen -stimulated peripheral blood lymphocytes of cured paduring a primary infection (figure 1).
IL-2 and IL-4 production in drug-cured and challenged gertients indicated that supernatants of these cells contain IL-2 and IFN-g and activate macrophages for amebicidal activity
bils. Subsequent to drug cure, spleen and HLN cells from gerbils produced high levels of IL-2 in response to ConA or [26] . However, it is not known whether these cells also produce Th2 cytokines in response to antigen stimulation. In this study, SAA (figure 5). The highest level of IL-2 production was by HLN cells of nonchallenged gerbils in response to ConA (27.7 we drug-cured gerbils with ALA at day 20 after inoculation, then challenged the animals by reinoculation of trophozoites U/mL) ( figure 5, top right) . In contrast, negligible amounts of / 9d27$$my40 03-13-97 11:55:26 jinfa UC: J Infect ered TNF-a production compared with that from cells taken from nonchallenged gerbils.
Discussion
The role of T cell -derived cytokines in amebiasis has been largely unexplored because of lack of reagents for immunologic studies in the gerbil, the principal animal model for hepatic amebiasis. While the precise mechanisms contributing to resistance to the disease have not been identified, Th1 cytokines IL-2, IFN-g, and TNF may be involved in activation of macrophages for amebicidal activity and resistance to infection. Supernatants of splenocytes from amebic galactose -specific adherence lectin (Gal-lectin) -immunized gerbils demonstrated IL-2 -like and IFN-g -like activity when the cells were stimulated with the Gal-lectin in vitro [27] . These immunized animals were resistant to a challenge infection [28] . Similarly, drug-cured patients appear to have a low level of recurrence IL-4 (õ0.4 U/mL) were produced by cells in response to either stimulus (Th1 response) ( figure 5, bottom) . Lower levels of IL-2 were produced when animals were sacrificed 5 and 10 days after the intrahepatic challenge; however, these animals showed no evidence of established infection in the liver. IL-2 production was also, nonetheless, higher than IL-4 production, suggesting that a Th1-like response was maintained (although weakened) after the challenge inoculation.
TNF-a production in drug-cured and challenged gerbils. Similar to levels of TNF-a produced during a primary hepatic infection (figure 3), low levels of this cytokine were produced by spleen and HLN cells from nonchallenged and challenged gerbils (figure 6). Significant levels of TNF-a (figure 6, top) were produced only in response to the pan - [ 29] , and supernatants of their Gal-lectin -stimulated lymphoAntigen-specific proliferative responses were evident in lymphoid cells at the onset of infection (day 5); however, cytes were found to contain IL-2 and IFN-g [26] and to activate macrophages for amebicidal activity [10] . In contrast, Th2 cyConA-induced splenocyte proliferation was reduced compared with that for uninfected gerbils, which is consistent with previtokines IL-4 and IL-10 may be involved in the down-regulation of macrophage amebicidal activity that is characteristic of ameous reports [30] . Notably, establishment of infection led to a reduction in IL-2 and TNF-a but not IL-4 production by ConAbic infections [3] . stimulated splenocytes, suggesting that E. histolytica promotes In this report, we were able to use murine cytokine bioassays a mixed Th1-and Th2-or Th0-like response over a Th1-like to determine the kinetics of IL-2, IL-4, and TNF production response at the time of infection. The nature of the antigens during hepatic amebiasis and in animals resistant to reinfection.
recognized may be important in selecting the Th phenotype By use of lymphocyte proliferation assays as a parallel indicator that develops [12] . A 220-kDa surface protein of E. histolytica, of lymphocyte functionality, we found that amebic infections for example, has been shown to induce IL-4 -and IL-10 -stimulated mixed IL-2, IL-4, and TNF-a production (Th0-like secreting cells when injected in mice, whereas peptides of the response), followed by suppression of cytokine production and molecule induce Th1 responses [31] . PGE 2 down-regulates ILproliferation at acute disease. Lymphoid cells obtained during 2 transcription and up-regulates IL-4 transcription [32] and is days 30 -60 after inoculation and from resistant animals were stimulated by amebae early in the infection [9] . Hence, PGE 2 characterized by IL-2 production (Th1-like response) and restored proliferative responses.
production may also be involved in promoting IL-4 over IL-2 site, as these cells must cooperate in the orchestration of immune defense. The T cell proliferative responses were quantitatively similar before and after acute disease; however, there was a significant qualitative change in the cytokines produced. IL-4 production did not recover, while IL-2 production reached higher levels than were achieved early in the infection and TNF-a was higher at day 60. That is, a shift from a Th0-to a Th1-like response occurred after day 20. Liver abscesses at day 30 -60 were also smaller than at day 20 (data not shown), perhaps in response to increased cell-mediated immunity associated with the Th0-to-Th1 shift. The mechanism(s) involved in altering established cytokine responses is not understood. In our study, perhaps the suppression of IL-4 at day 20 allowed the subsequent outgrowth of Th1 cells from a previously mixed Th1 and Th2 or Th0 population. Whether a Th0 response occurs in human amebiasis followed by a switch to a Th1 response is unknown. Continuous growth of the ALA in humans may be representative of a failure to switch to a Th1 response.
To clarify the link between a Th1 response and resistance to infection, we challenged drug-cured gerbils by intrahepatic inoculation with E. histolytica. Even though T cells from these animals were markedly suppressed at the time of drug treatment (day 20), the gerbils were completely resistant to a challenge infection. Clearance of the amebae appeared to reverse the suppression occurring at the acute stage of the disease. This argues that the parasite, or components thereof, may be directly by IL-1 -like activity, TNF-a and NO production, and amebicidal activity [5 -7] . In contrast, macrophages distal from the abscess and not directly exposed to amebae, such as those in production at the onset of infection. IL-4 was the only Th2 cytokine we were able to quantify in our gerbil model. IL-4 the peritoneum or the spleen, are up-regulated in these functions [5 -7] . In vitro, amebic components inhibit macrophage production at days 5 -10 after inoculation may assist amebic survival in the liver through inhibition of macrophage NO TNF-a and IL-1 -like activity, production of NO, amebicidal activity, and Ia molecule expression [6, 5, 8] , highlighting their release [33] .
While we found that early infection is linked to a Th0-like role in directly modulating cellular immune responses. In this study, prior exposure of gerbils to amebae was sufficient response, proliferative responses and lymphokine production were markedly suppressed during acute disease (day 20). This to enable them to overcome the parasite's immunomodulatory effects upon challenge. Lymphoid cells from drug-cured nonchalwas less evident with TNF-a. Production of this cytokine was generally low throughout early and acute infection. This may lenged animals show high production of IL-2 but low IL-4 production, suggesting that at the time of challenge, amebae encounter suggest that T cells are not a significant source of TNF-a in amebic infections. Also, T cell -derived TNF-a production a Th1-like response that may have helped prevent infection. A challenge infection with E. histolytica may, however, have had may be inhibited by macrophage PGE 2 production early in the infection [7] . Either the parasite itself or the host response to the some suppressive effects. Compared with cytokine production in cells from the nonchallenged group, cells from gerbils examined infection (or both) may be responsible for the T cell suppression during acute disease in these animals. This suppression coin-5 and 10 days after challenge produced lower levels of IL-2 and TNF-a. Nevertheless, IL-2 production was higher than IL-4 procides with near-maximal suppression of several macrophage functions during acute disease. Down-regulation of both T cell duction, and the gerbils were resistant to reinfection. IFN-g may be produced in conjunction with IL-2 in resistant gerbils and funcand macrophage functions in amebiasis possibly has additive or even synergistic effects on the cellular response to the paration to activate macrophages for amebicidal activity.
